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ABSTRACT 

Post Apol lo  m i s s i o n  p l a n n i n g  has g e n e r a l l y  i m p l i e d  a 
g r e a t e r  LM l a n d i n g  a c c u r a c y  f o r  m i s s i o n s  t o  s p e c i f i c  s i t e s  on 
t h e  l u n a r  s u r f a c e .  T h i s  memorandum i n v e s t i g a t e s  t h e  a p p l i c a t i o n  
of  Lunar  FlyTng Kni t  (LFU)  ! 'multi--hop. '  s o r t i e s  t o  t h i s  t y p e  o f  
x i i s s i g n  P O  as t o  c r e a t e  a b e t t e r  u n d e r s t a n d i n g  c+' t h e i r  i n f l u e n c e  
o n  t h e  l a n d i n g  p r e c i s i o n  r e q u i r e d .  

The main body of  t h e  memorandum d e s c r i b e s  and  i l l u s -  
t r a t e s  a somewhat r i g o r o u s  a n a l y s i s  t e c h n i q u e  for a n  example 
m i s s i o n  u s i n g  an  LFU for s u r f a c e  m o b i l i t y .  The end  product o f  
t h e  a n a l y s i s  i s  a d e s c r i p t i o n  of t h e  LM l a n d i n g  p o i n t  d i s p e r s i o n  
t h a t  can b e  t o l e r a t e d  w i t h o u t  d e g r a d a t i o n  o f  t h e  LFU m i s s i o n  
o b j e c t i v e s .  Appendix B deve lops  a s i m p l e r ,  app rox ima te  method 
f o r  o b t a i n i n g  t h e  same t y p e  r e s u l t s .  

F i n a l l y ,  Appendix C a p p l i e s  t h e  a n a l y s i s  t e c h n i q u e s  
t o  a n  a c t u a l  m i s s i o n  proposed  f o r  t h e  Hadley R i l l e  r e g i o n  o f  
t h e  moon. The r e s u l t s  c l e a r l y  i l l u s t r a t e  t h e  concep t  o f  an  
a l l o w a b l e  LM l a n d i n g  area t h a t  i s  a d j u s t a b l e ,  and lead  t o  some 
l o g i c a l  p l a n n i n g  changes  t o  t h e  LFU m i s s i o n .  I n c o r p o r a t i o n  o f  
t h e s e  changes i s  t h e n  shown t o  i n c r e a s e  t h e  l a n d a b l e  t e r r a i n  
a v a i l a b l e  f o r  t h e  LM touchdown w i t h o u t  s a c r i f i c e  t o  t h e  LFU m i s s i o n  
o b j e c t i v e s .  -- I 3 7 9 - 1  I 8 2 1  
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SUBJECT: t,M Landinp P o i n t  F l e x i b i l i t y  P rov ided  DATE: A p r i l  1 6 ,  1968 
b y  t h e  Lunar F l y i n g  U n i t  on S i n g l e  
Launch Lunar Miss ions  - Case 3 4 0  FROM: D.  R .  V a l l e y  

TM- 68-2 0 1 5 - 3  

T E C H N I C A L  MEMORANDUM 

I N T R O D U C T I O N  

Pos t  Apol lo  l u n a r  m i s s i o n  p l a n n i n g  has g e n e r a l l y  
i m p l i e d  a g r e a t e r  LM l a n d i n g  a c c u r a c y  f o r  m i s s i o n s  t o  s p e c i f i c  
s i t e s  on t h e  l u n a r  s u r f a c e .  T h i s  memorandum i n v e s t i g a t e s  ap-  
p l i c a t i o n  o f  t h e  Lunar F l y i n g  Un i t  (LFU) t o  t h i s  t y p e  o f  m i s s i o n  
s o  as  t o  c r e a t e  a b e t t e r  u n d e r s t a n d i n g  o f  i t s  i n f l u e n c e  on t h e  
n e c e s s a r y  LN l a n d i n g  p r e c i s i o n .  A method f o r  d e t e r m i n i n g  t h e  
t o l e r a b l e  LM l a n d i n g  p o i n t  d i s p e r s i o n  i s  d e s c r i b e d  i n  d e t a i l  
and  a p p l i e d  t o  a h y p o t h e t i c a l  m i s s i o n  t o  i l l u s t r a t e  t h e  a n a l y -  
t i c a l  p r o c e d u r e s .  To g e t  a l i t t l e  c l o s e r  t o  r e a l i t y ,  a r e c e n t l y  
p roposed  m i s s i o n ' l ' t o  t h e  H a d l e y  R i l l e  r e g i o n  of  t h e  moon has 
been i n c l u d e d  i n  Appendix C .  T h i s  m i s s i o n  i n v o l v e s  t h r e e  " m u l t i -  
hop" LFU s o r t i e s  t o  v i s i t  seven  ( 7 )  s p e c i f i c  l o c a t i o n s  ( s i t e s * )  
s e l e c t e d  f o r  s c i e n t i f i c  r e a s o n s .  An a n a l y s i s  o f  t h i s  m i s s i o n  b y  
t h e  methods d e s c r i b e d  i n  t h i s  memorandum i s  i n c l u d e d  t o  demon- 
s t r a t e  t h e  t y p e  o f  r e s u l t s  o b t a i n a b l e .  I n  a d d i t i o n ,  t h e  same 
p r o c e d u r e s  have been a p p l i e d  t o  some a l t e r n a t e  schemes f o r  con- 
d u c t i n g  t h e  LFU s o r t i e s  t o  these  same 7 l o c a t i o n s .  The  r e s u l t s  
c l e a r l y  i n d i c a t e  t h e  concep t  o f  a d j u s t i n g  t h e  a l l o w a b l e  LM l a n d -  
in? a r e a  t h r o u g h  c a r e f u l  p l a n n i n g  o f  t h e  LFU s o r t i e s .  

GENERAL B A C K G R O U N D  

Landing e r r o r s  by t h e  LM g e n e r a l l y  i n f e r  i n c r e a s e d  
d i s t a n c e s  and  t r a v e r s e  times t o  r e a c h  s p e c i f i c  l o c a t i o n s  on t h e  
l u n a r  s u r f a c e .  The e x t e n t  of t h e  t o l e r a b l e  l a n d i n g  e r r o r ,  
t h e r e f o r e ,  i s  p r i m a r i l y  a f u n c t i o n  of  t h e  s u r f a c e  t r a v e r s i n g  ca -  
p a b i l i t y  w i t h  r e s p e c t  t o  both  t i m e  and d i s t a n c e .  Pe rhaps  t h e  
m o s t  s i g n i f i c a n t  s i n g l e  advan tage  o f  t h e  f l y i n g  u n i t  c o n c e p t  i s  
t h e  r e l a t i v e l y  s h o r t  t r a v e l  t i m e  r e q u i r e d .  By v i r t u e  o f  t h i s  
a d v a n t a g e ,  t h e  LFU e f f e c t i v e l y  e l i m i n a t e s  t r a v e l  t i m e  as a 
s e r i o u s  c o n s i d e r a t i o n ,  and t h e  a l l o w a b l e  LM l a n d i n g  e r r o r  becomes 

( l ' H a d l e y  R i l l e  Mis s ion  p r e s e n t e d  t o  t h e  Group for Lunar  
E x p l o r a t i o n  (GLEP)  a t  t h e i r  February  2 6 ,  1968 m e e t i n g .  

s p e c i f i c  l o c a t i o n s  on t h e  l u n a r  s u r f a c e  t o  be v i s i t e d  w i t h  an LFU 
r a t h e r  t h a n  i t s  normal  c o n n o t a t i o n  as t h e  LM l a n d i n g  l o c a t i o n .  

* 
The term " s i t e "  used  th roughou t  t h i s  memorandum r e fe r s  t o  
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a function of the LFU's capability to negotiate the additional 
distances involved. The main purpose of the analysis is to 
determine how much landing point dispersion can be tolerated 
without degradation of the LFU mission objectives. 

The analysis of the LFU sorties in the example mis- 
sion show that a fairly wide LM landing point dispersion can be 
tolerated without compromising mission plans for a given sortie. 
While the actual size of the allowable landing footprint is 
highly dependent on specific sortie details (payloads and dis- 
tances between selected sites), there are some general observa- 
tions that can be made: 

1. The allowable landing footprint will be approxi- 
mately elliptical in shape. 

2. The major axis of the ellipse will lie along a 
line connecting the first and the last site to 
be visited during the LFU sortie. 

These observations, although not astounding, can prove 
very useful for planning the LFU sorties of a lunar mission de- 
signed to explore several pre-selected sites. The analytical 
procedures outlined later provide a means of generating an allow- 
able LM landing area (footprint) from within which a planned 
"multi-hop'' LFU sortie can be flown without exceeding prescribed 
propellant limitations. Separate landing footprints are genera- 
ted for each planned LFU sortie and superimposed on a geographi- 
cal layout for the total lunar mission. The overlap area 
between the individual footprints then represents the allowable 
landing point dispersion for the entire mission. From any point 
within this area, a l l  the LFU sorties can be flown as planned 
without exceeding the flying unit's propellant constraints. 

MISSION PLANNING ASPECTS 

As mentioned previously, simply knowing the landing 
footprint's elliptical shape and the orientation of its major 
axis is of value for the first cut planning of LFU sorties. For 
example, the sequence of visiting the individual sites and the 
combinations of sites to be covered by each of the LFU sorties 
can be tentatively selected with this knowledge. The orienta- 
tion of the allowable landing ellipses can thus be modified to 
find the combination of sortie plans that provide the greatest 
overlap area within the landable terrain surrounding the mission 
site. Payload weights to be carried to each site can then be - 
incorporated into the analysis methods to determine the size of 
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t h e  o v e r l a p  a rea .  The i m p o r t a n t  a s p e c t  h e r e  i s  t o  r e a l i z e  t h a t  
t h e  p o s i t i o n i n g  and s i z e  of  t h e  a l l o w a b l e  LM l a n d i n g  a r e a  a r e  
a d j u s t a b l e .  The sequence  i n  which t h e  s e l e c t e d  s i t e s  are  v i s i t e d  
can  b e  a l t e r e d  t o  change the  f o o t p r i n t ' s  p o s i t i o n ,  and t h e  pay- 
l o a d  w e i g h t s  can change i t s  s i z e .  The e f f e c t  o f  i n c r e a s i n g  LFU 
p a y l o a d s  i s  i n d i c a t e d  on F i g u r e  5 .  A s  more d e t a i l s  f o r  a g i v e n  
m i s s i o n  become known, t h e  p r o c e d u r e s  d e s c r i b e d  h e r e  can  be used  
t o  p l a n  a s u r f a c e  m i s s i o n  t h a t  o f f e r s  t h e  h i g h e s t  s u c c e s s  prob-  
a b i l i t y .  Appendix C i n c l u d e s  an  a n a l y s i s  o f  an a c t u a l  m i s s i o n  
p r o p o s a l  t o  d e m o n s t r a t e  t h e s e  t e c h n i q u e s .  

LIMITATIONS OF ANALYSIS 

The example mis s ion  i s  o r i e n t e d  e x c l u s i v e l y  toward  f l y -  
i n g  u n i t  a p p l i c a t i o n  f r o m  a s i t e  a c c e s s i b i l i t y  s t a n d p o i n t .  I t  
s h o u l d  be r e a l i z e d  t h a t  c o n s i d e r a t i o n s  o t h e r  t h a n  s h e e r  a c c e s s i -  
b i l i t y  cou ld  i n f l u e n c e  t h e  s e l e c t i o n  o f  a p a r t i c u l a r  LM l a n d i n g  
p o i n t .  Fo r  example,  i f  pay loads  beyond t h e  LFU's c a p a b i l i t y  a r e  
d e s i r e d  a t  a g i v e n  l o c a t i o n ,  or i f  i t  i s  n e c e s s a r y  t h a t  t h e  LM 
b e  nea rby  f o r  o p e r a t i o n a l  r e a s o n s ,  a g r e a t e r  l a n d i n g  a c c u r a c y  
would s t i l l  be r e q u i r e d .  

The d e t a i l e d  a n a l y t i c a l  p r o c e d u r e s  d e s c r i b e d  i n  t h e  
f o l l o w i n g  s e c t i o n s  s h o u l d  n o t  i n f e r  u n t o l d  a c c u r a c y  o f  r e s u l t s  
b e c a u s e  o f  t h e i r  somewhat r i g o r o u s  n a t u r e .  The r e s u l t s  a r e  
o n l y  as good as t h e  b a s i c  LFU w e i g h t s  and pe r fo rmance  assumed. 
The v e h i c l e  w e i g h t s  and pay loads  i n c o r p o r a t e d  a r e  g e n e r a l l y  
a c c e p t e d  p l a n n i n g  v a l u e s  b e i n g  used  t o d a y .  The pe r fo rmance  
d a t a  (AV vs  Range and I ) have been  t a k e n  from i n f o r m a t i o n  pub- 
l i s h e d  by B e l l  A e r o s y s t e m s ( 2 ) .  On t h e  s t r e n g t h  o f  B e l l  Aerosys-  
terns' f l i g h t  e x p e r i e n c e  w i t h  a one-man f l y i n g  v e h i c l e ,  t h i s  da ta  
was s e l e c t e d  o v e r  a v a r i e t y  o f  o t h e r s  a v a i l a b l e  f rom t h e o r e t i c a l  
f l i g h t  t r a j e c t o r y  c a l c u l a t i o n  work. 

SP 

MISSION ANALYSIS - GENERAL 

A m i s s i o n  i n c l u d i n g  two "mul t i -hop"  s o r t i e s  has  been  
f a b r i c a t e d  f o r  a n a l y s i s .  Each o f  t h e s e  LFU s o r t i e s  w i l l  be 
a n a l y z e d  and d i s c u s s e d  i n d i v i d u a l l y  and t h e n  t h e  r e s u l t s  com- 
b i n e d  t o  d e m o n s t r a t e  a means of a s s e s s i n g  t h e  i m p l i c a t i o n s  t h a t  
t h e  LFUIs c a p a b i l i t i e s  could  have on m i s s i o n  p l a n n i n g .  

BAS I C ASSUMPTIONS 

S i n c e  t h i s  memorandum dea ls  w i t h  an  e v a l u a t i o n  o f  t h e  
LFU c a p a b i l i t y ,  t h e  m i s s i o n  a n a l y s i s  w i l l  b e  c o n f i n e d  t o  t h e  de- 
t a i l s  i n v c l v i n g  t h e  f l y i n g  u n i t  s o r t i e s .  The f o l l o w i n g  b a s i c  
a s s u m p t i o n s  have been  i n c o r p o r a t e d :  

( 2 ) F l i g h t  T e s t  o f  A One-Man F l y i n g  V e h i c l e  Vol .  I1 - F i n a l  
R e p o r t  - Miss ion  A p p l i c a t i o n s  S t u d i e s  - B e l l  Aerosystems Repor t  
N o .  2330-950002, J u l y  1 9 6 7 .  
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1. All l u n a r  s i t e s  t o  be  v i s i t e d  v i a  t h e  LFU are  
p re -p lanned  l o c a t i o n s  t o  b e  v i s i t e d  i n  a f i x e d  
sequence  w i t h  a s p e c i f i e d  p a y l o a d  we igh t  c a r -  
r i e d  to e a c h  s i t e .  

2 .  The LFU s ta r t s  each  s o r t i e  w i t h  f u l l  p r o p e l l a n t  
t a n k s  and i s  a l lowed t o  b u r n  o n l y  90% o f  t h e  
p r o p e l l a n t  l o a d .  

3. F l a t - t o p  t y p e  t r a j e c t o r i e s  w i t h  a 1 5 0  f t / s e c  
h o r i z o n t a l  v e l o c i t y  were assumed f o r  a l l  LFU 
f l i g h t s .  The r ange  v s  AV data  was t a k e n  f rom 
Refe rence  3 and i s  shown on F i g u r e  6 .  

4 .  The f o l l o w i n g  LFU we igh t  and pe r fo rmance  data 
were used :  

V e h i c l e  d r y  weight  180  l b s  

P r o p e l l a n t  l oaded  300  l b s  

C r e w  ( s u i t e d  a s t r o n a u t )  370 l b s  
~ ~ ~~~ 

T o t a l  V e h i c l e  Weight ( l e s s  p a y l o a d )  850 l b s  

S p e c i f i c  Impulse  285 s e c  

DETAILS OF EXAMPLE MISSION 

F i g u r e  1 i l l u s t r a t e s  t h e  g e o g r a p h i c a l  l a y o u t  of f i v e  
s p e c i f i c  l u n a r  s i t e s  to be v i s i t e d  w i t h  t h e  LFU d u r i n g  t h e  mis- 
s i o n .  Two LFU s o r t i e s  have b e e n  p l a n n e d  to c o v e r  these f i v e  l o -  
c a t i o n s .  The f i r s t  s o r t i e  (3-hops)  v i s i t i n g  s i t e s  #1 and # 2 ;  
and  t h e  second s o r t i e  (4-hops)  g o i n g  t o  t h e  r e m a i n i n g  t h r e e  s i t e s .  
The d e t a i l s  o f  t h e  two s o r t i e s  a re  shown below: 

SORTIE N O .  1 (3-hops)  

T r a v e r s e  Range Hop 

1 *LM to S i t e  1 ? 

2 S i t e  1 to S i t e  2 2 n m i  

3 S i t e  2 t o  *LM ? 

*LM - i n d i c a t e s  t h e  LM l a n d i n g  p o i n t .  

Pay load  

2 0 0  l b s  

100 l b s  

5 0  l b s  

( 3 ) D e t e r m i n a t i o n  o f  Lunar F l y i n g  V e h i c l e  Range and Payload  
C a p a b i l i t i e s  f o r  Miss ion  P l a n n i n g  P u r p o s e s ,  Bellcomm Memorandum 
for F i l e ,  D. R .  V a l l e y ,  December 2 6 ,  1967. 
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SORTIE NO. 2 (4-hops) 

Range Payload Hop Traverse 

1 *LM to Site 3 ? 
2 Site 3 to Site 4 2 n mi 
3 Site 4 to Site 5 2 n mi 
4 Site 5 to *LM ? 

100 l b s  

75 I b s  

25 l b s  

25 l b s  

It should be noted that the flight range of the first 
and last hop of each sortie are not known since these distances 
depend on the location of the LM landing point. 
pose of this analysis is to determine the possible landing point 
locations from which the planned sorties can be flown without 
burning more than 90% of the LFU propellant load. 

The main pur- 

ANALYSIS PROCEDURE 

Since the LFU propellant is the limiting factor in de- 
termining the allowable landing point dispersion, it will first 
be necessary to relate the LFU propellant requirements to the 
flight range of each hop and the payload weights carried. The 
following expression developed in Appendix A represents this re- 
lationship: 

where : 

n = number of flying unit hops 

wpt = total weight of propellant burned 

W = vehicle empty weight (including crew and propellant 
reserve ) 

PL1- PLn = payload weights carried on respective hops 
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* 
R1 - Rn = v e h i c l e  mass r a t i o s  a s s o c i a t e d  w i t h  t h e  AV 

I r e q u i r e m e n t s  o f  each  hop 
go s p  

Al though Equa t ion  (1) l o o k s  cumbersome, o n e  s h o u l d  
remember t h a t  f o r  a p l anned  "mul t i -hop"  s o r t i e ,  t h e  f l i g h t  
r a n g e s  f o r  f i r s t  and l a s t  hops a r e  t h e  o n l y  unknown q u a n t i -  
t i e s .  I n  E q u a t i o n  (1) f o r  example ,  t h e  o n l y  unknown q u a n t i -  
t i e s  a r e  R1 and R n .  Wi th  t h i s  i n  mind, E q u a t i o n  (1) can  b e  

r e a r r a n g e d  t o  show t h e  r e l a t i o n s h i p  be tween R1 and Rn;  or be- 

tween  t h e  f l i g h t  r a n g e s  o f  t h e  f i r s t  and l a s t  hop:  

w + wpt + PLl 
- 

R1 - X 

where : 

W i t h  R1 and Rn t h e  o n l y  unknowns, E q u a t i o n  ( 2 )  can  
b e  r e d u c e d  t o :  

K, I - - 
R1 K2R, t K 3  ( 3 )  

where :  

* 
AV r e q u i r e m e n t s  a r e  synonymous w i t h  f l i g h t  r a n g e  and can  

b e  o b t a i n e d  f rom t h e  AV v s .  Range da t a  shown on F i g u r e  6 .  
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The values of K1, K2 and K are constant 
rtie plan. Equation ( 3 )  relates the flight rang 

3 for a given 
s of the 

first and last LFU hops to each other in terms of all the known 
sortie and flying vehicle parameters. The use of Equation ( 3 )  
can best be illustrated by proceeding with the analysis of the 
first sortie of the example mission. 

ANALYSIS OF SORTIE N O .  1 (3-hops)  

From the planned sortie and flying unit parameters, 
Equation (2) with n = 3 becomes 

w t wpt t PL1 
- 

(obtained by substituting n = 3 into Equation ( 2 )  and elimina- 
ting all terms containing a subscript higher than 3 ) .  

The known parameters are as follows: 

W = 580 lbs (180 lb dry wt t 370 lb crew + 30  lb pro- 
pellant reserve) 

Wpt = 270 lbs (90% of propellant load) 

PL1 = 200 lbs 

PL2 = 1 0 0  lbs 

= 50  lbs 
pL3 

Fi2 
where AV2 = AV required for 2nd LFU hop 

(Site #1 to Site #2 = 2 n mi range) from Figure 6, 
the AV for a 2 n mi range is 820 ft/sec. 

aV2 
go sp I = exp 

a20 :.R2 - - exp q z m  



, 
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Substituting these known quantities into the expres- 
sions for K1, K2 and K gives: 3 

Kl = W + wpt+ PL1 = 580 + 270 + 200 = 1050 

K2 = (W +PL )R2 = [580 + 501- exP g m  820 = 688.93 3 
= ( PL 1- PL 21 + R 2 ( PL 2- PL 3) 3 

= (200 - 100) + (100 - 50) = 154.68 

and Equation (3) becomes: 

The above equation is sufficient to describe the allow- 
able LM landing area from which sortie No. 1 could be flown as 
planned without exceeding the 270 lb propellant limitation. The 
process for accurately determining the allowable LM landing area 
involves a geometric construction procedure illustrated on Fi- 
gure 2. Assuming a distance between the last LFU stop (Site #2) 
and the LM landing point provides a value for R, by converting 

-I 

the assumed range to a AV requirement (AV ) with Figure 6. Using 

this value of R3[exp 
3 1, the corresponding value of R1 can 

go ISD 
be obtained from Equation 14). 
expressed as a AV(AVl = go I In R1) and converted to a flight SP 
range with Figure 6. Thus for the assumed distance between the 
last LFU stop and the LM landing point, the computed value of R1 
provides the maximum allowable distance between the LM landing 
point and the first LFU stop (Site #1). 

The value of R1, in turn, can be 

Figure 2 outlines and illustrates the geometric con- 
struction procedures for determining the allowable LM landing 
area. Two circles are drawn; one about the last LFU stop (Site 
#2) with a radius equal to the assumed distance and the second 
around the first LFU stop (Site #1) with a radius equal to the 
distance corresponding to the calculated value of R1. 
sections of the two circles represent landing point locations 

The inter- 
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f rom which t h e  LFU w i l l  b u r n  270 l b s  o f  p r o p e l l a n t  i n  c o m p l e t i n g  
t h e  p l a n n e d  s o r t i e .  The p r o c e s s  can  be  r e p e a t e d  b y  v a r y i n g  t h e  
assumed d i s t a n c e .  The i n t e r s e c t i o n s  of t h e  c i r c l e s  w i l l  c r e a t e  
a s e r i e s  of p o i n t s  which wtll b e  t h e  locus o f  t h e  a l l o w a b l e  LM 
l a n d i n g  area from w i t h i n  which  t h e  LFU s o r t i e  can  be  f lown w i t h -  
o u t  e x c e e d i n g  t h e  p r o p e l l a n t  c o n s t r a i n t .  

I f ,  i n  a p p l y i n g  t h e  above p r o c e d u r e s ,  t h e  two c i r c l e s  
do n o t  i n t e r s e c t ,  t h e  f l i g h t  r a n g e  assumed i s  such  tha t  e i t h e r :  

1) The s o r t i e  canno t  be comple ted  w i t h i n  t h e  a l l o w a b l e  
p r o p e l l a n t  l i m i t  because  t h e  assumed d i s t a n c e  was 
t o o  g r e a t ;  or 

2 )  The s o r t i e  can  b e  completed w i t h o u t  b u r n i n g  a l l  of 
t h e  a l l o w a b l e  p r o p e l l a n t  b e c a u s e  t h e  d i s t a n c e  was 
t o o  small .  

The more p o i n t s  g e n e r a t e d  i n  t h e  above f a s h i o n ,  t h e  
more a c c u r a t e l y  t h e  a l l o w a b l e  l a n d i n g  area c a n  be  d e s c r i b e d .  
F i g u r e  3 i n d i c a t e s  a complete  t r a c e  o f  t h e  a l l o w a b l e  LM l a n d -  
i n g  area f o r  s o r t i e  No. 1. 

RESULTS FOR SORTIE NO.  1 

It can  b e  s e e n  from F i g u r e  3 t h a t  a r e l a t i v e l y  wide 
LM l a n d i n g  p o i n t  d i s p e r s i o n  i s  p o s s i b l e .  A s  l o n g  as t h e  LM 
l a n d s  w i t h i n  t h e  5 . 5  x 6 n m i  e l l i p t i c a l l y  shaped  area shown, 
t h e  p l a n n e d  s o r t i e  can  be f lown.  It  s h o u l d  a l s o  b e  n o t e d  t h a t  
t h e  e l l i p t i c a l l y  shaped  a r e a  has i t s  ma jo r  a x i s  on a l i n e  
drawn t h r o u g h  t h e  f i r s t  and l a s t  o f  t h e  l u n a r  s i t e s  v i s i t e d  by  
t h e  LFU. 

ANALYSIS OF SORTIE N O .  2 (4-hops)  

The p r o c e d u r e  fo l lowed  f o r  t h e  second  LFU s o r t i e  i s  
e x a c t l y  t h e  same and w i l l  be o n l y  p a r t i a l l y  r e p e a t e d  t o  i n d i -  
c a t e  t h e  d i f f e r e n c e s  t h a t  occur  i n  t h e  a p p l i c a t i o n  o f  Equa- 
t i o n  ( 2 )  when a 4-hop ( n = 4 )  s o r t i e  i s  i n v o l v e d .  The r e l a t i o n -  
s h i p  between t h e  f i r s t  and l a s t  hop A V ' s  ( r a n g e s )  w i l l  be  as 
f o l l o w s :  

w + w p t  + PL1 
- - 

2 1  3 )  + R R IPL -PL 
2 3 \  3 4 )  R R R + PL1-PL -I- R PL -PL I 2) R1 I w  w L 4 ) (  2 3 4 )  

The known p a r a m e t e r s  f rom t h e  p l a n  for s o r t i e  No. 2 are  as 
f o l l o w s  : 

w = 580 l b s  (same as f i r s t  s o r t i e )  
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= 2 7 0  l b s  (same as f i r s t  s o r t i e )  
wp t 
pL1 = 1 0 0  l b s  

PL2 = 7 5  l b s  

PL3 = 2 5  l b s  

PL4 = 2 5  l b s  

(AV2 c o r r e s p o n d s  t o  a f l i g h t  r a n g e  of 2 L R 2  = exp 
go I S D  

n m i  - d i g t a n c e  between p o i n t s  3 and 4 )  

AV 
(AV c o r r e s p o n d s  t o  a f l i g h t  r a n g e  o f  I 3 R 3  = exp 

go s p  
2 n m i  - d i s t a n c e  be tween p o i n t s  4 and 5) ;  
From F i g u r e  6 ,  AV2 = AV3 = 820  f t / s e c .  

- 820 
:R2 = R 3  - exp 

Apply ing  t h e s e  v a l u e s  t o  E q u a t i o n  ( 4 )  g i v e s  t h e  
f o l l o w i n g :  

The same geomet r i c  c o n s t r u c t i o n  p r o c e d u r e  can  now be  
a p p l i e d  t o  produce  t h e  a l l o w a b l e  LM l a n d i n g  area f o r  s o r t i e  No. 
2 ,  which i s  shown on F i g u r e  4 .  It s h o u l d  be n o t e d  t h a t  t h e  
area a g a i n  i s  e l l i p t i c a l  i n  s h a p e  and  t h a t  t h e  ma jo r  a x i s  l i e s  
a l o n g  a l i n e  drawn t h r o u g h  t h e  f i r s t  and l a s t  s i t e s  v i s i t e d  by 
t h e  LFU ( s i t e s  3 and 5 ) .  The l a n d i n g  area i s  r o u g h l y  a 4 x 3 .25  
n m i  e l l i p s e .  

TOTAL LFU MISSION ANALYSIS 

F i g u r e  5 r e p r e s e n t s  t h e  comple t e  f l y i n g  u n i t  m i s s i o n  
compr i sed  of t h e  two s o r t i e s  d e s c r i b e d  i n d i v i d u a l l y  up t o  t h i s  
p o i n t .  The a l l o w a b l e  LM l a n d i n g  area i s  shown f o r  each o f  t h e  
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s o r t i e s  and t h e  o v e r l a p  r e p r e s e n t s  t h e  a l l o w a b l e  LM l a n d i n g  
p o i n t  d i s p e r s i o n  f o r  t h e  t o t a l  m i s s i o n .  If t h e  LM l a n d s  any 
p l a c e  w i t h i n  t h e  shaded a r e a  shown, b o t h  LFU s o r t i e s  c a n  b e  
f lown  as p l a n n e d  w i t h o u t  e i t h e r  o f  them e x c e e d i n g  t h e  270  l b  
p r o p e l l a n t  l i m i t a t i o n .  

APPROXIMATE METHOD FOR D E T E R M I N I N G  THE ALLOWABLE LM L A N D I N G  AREA 

The p r o c e s s  d e s c r i b e d  t h u s  f a r  i s  ra ther  r i g o r o u s  and  
t i m e  consuming, b u t  n e c e s s a r y  i f  a c c u r a t e  r e s u l t s  are  d e s i r e d .  
The  a l l o w a b l e  l a n d i n g  f o o t p r i n t s  d e r i v e d  p r e v i o u s l y  have b e e n  
d e s c r i b e d  as e l l i p t i c a l  i n  s h a p e .  They a re  n o t  t r u e  e l l i p s e s ,  
however ,  b e c a u s e  o f  t h e  n o n - l i n e a r  AV v s .  r a n g e  r e l a t i o n s h i p  ( F i -  
g u r e  6 )  and due t o  t h e  v a r i a t i o n s  i n  p a y l o a d s  f o r  t h e  i n d i v i d u a l  
LFU hops .  

I f  t h e  areas a re  assumed t o  be  t r u e  e l l i p s e s ,  l o c a t i o n  
o f  t h e  ex t reme p o i n t s  of  each a x i s  would b e  s u f f i c i e n t  t o  des- 
c r i b e  t h e  a l l o w a b l e  l a n d i n g  area.  An approx ima te  method f o r  l o c a -  
t i n g  these  p o i n t s  i s  developed  i n  Appendix B .  There i s  some e r r o r  
i n  t h e  method; however,  f o r  most p r a c t i c a l  p u r p o s e s  t h e  a c c u r a c y  
s h o u l d  b e  s u f f i c i e n t .  The p o i n t s  l o c a t e d  by t h e  approx ima te  m e -  
t h o d  f o r  t h e  two example s o r t i e s  are  shown on F i g u r e s  3 and  4 .  

C O N C L U D I N G  REMARKS 

A s  ment ioned  i n  t h e  e a r l i e r  d i s c u s s i o n  on t h e  l i m i t a t i o n s  
o f  t h e  a n a l y s i s  p r o c e d u r e s ,  a n  a c c u r a t e  LM l a n d i n g  w i l l  p r o b a b l y  
a l w a y s  b e  d e s i r a b l e  f o r  t h e  p o s t  Apol lo  m i s s i o n s .  We must r e m e m -  
b e r  t h a t  a t  l e a s t  h a l f  o f  the m i s s i o n ' s  EVA man-hours w i l l  b e  
s p e n t  i n  t h e  LM's immediate v i c i n i t y .  The main p o i n t  here  i s  t o  
c a u t i o n  a g a i n s t  i n t e r p r e t i n g  t h e  r e s u l t s  shown i n  t h i s  memorandum 
t o  mean t h a t  a p i n p o i n t  LM l a n d i n g  w i l l  n o t  be r e q u i r e d .  

A b e t t e r  i n t e r p r e t a t i o n  would be  t h a t  t h e  m i s s i o n  a n a l y s i s  
r e s u l t s  can  be  used  t o  d e t e r m i n e  t h e  f l e x i b i l i t y  i n  t h e  c h o i c e  o f  
a l a n d i n g  p o i n t .  The  r e s u l t s  shown f o r  t h e  H a d l e y  R i l l e  m i s s i o n  
i n  Appendix C i l l u s t r a t e  t h i s  q u i t e  n i c e l y .  The a l l o w a b l e  LM 
l a n d i n g  area d e t e r m i n e d  f o r  t h e  p roposed  m i s s i o n  f a l l s  m o s t l y  
i n  rough l o o k i n g  t e r r i t o r y .  The p r o s p e c t s  o f  safe  f o o t  t r a v e r s e s  
by t h e  a s t r o n a u t s  would not  b e  good i n  t h i s  area ( see  F i g u r e  C - 5 ) .  
R e v i s i o n s  t o  t h e  m i s s i o n ' s  LFU s o r t i e  p l a n n i n g  are shown t o  open 
up t h i s  l a n d i n g  area t o  i n c l u d e  a more h o s p i t a b l e  t y p e  t e r r a i n .  
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Mission planners are thus given a wider choice in the landing 
point selection process. Selection can be made by considering 
astronaut safety, scientific accomplishment, and the proba- 
bility of success from the standpoint of determining the extent 
of the LM landing error that could be tplerated. 

2015-DRV-acm 

Attachments: 
References 
Figures 1 to 6 
Appendices A to C 
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: 

A P P E N D I X  A 

DERIVATION OF AN EXPRESSION FOR THE TOTAL LFU 

PROPELLANT REQUIREMENTS FOR A "MULTI-HOP" SORTIE 

L e t :  

n = Number o f  hops  i n  t h e  s o r t i e  

PL1 t h r u  PLn = Pay load  w e i g h t s  c a r r i e d  on t h e  
r e s p e c t i v e  hops 

wpl t h r u  wp, = LFU p r o p e l l a n t  b u r n e d  on t h e  r e s p e c t i v e  
hops 

R1 t h r u  Rn = V e h i c l e  mass r a t i o s  a s s o c i a t e d  w i t h  t h e  
AV r e q u i r e m e n t s  f o r  t h e  r e s p e c t i v e  hops 

( R  = exp A V  1 g o I s P  

wp t 

W 

= T o t a l  LFU p r o p e l l a n t  r e q u i r e m e n t s  

= LFU burn -ou t  w e i g h t  ( i n c l u d e s  crew 
and p r o p e l l a n t  r e s e r v e s  

F i r s t  Hop 

V e h i c l e  l i f t - o f f  w e i g h t  = W + wpt + PL1 

W P 1  = (W + W P t  

Second Hop 

V e h i c l e  l i f t - o f f  w e i g h t  = W + wpt - wpl + p~~ 

WP2 = (W + WPt - WP1 + p L 2 )  (R2RS 3 
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T h i r d  Hop 

V e h i c l e  l i f t - o f f  we igh t  = W + wPt - wpl - WP2 + pL3 

( 3 )  ' pL3)  (RjRj ') 

(4) 

The p r o p e l l a n t  r equ i r emen t  f o r  e a c h  of  t h e  LFU hops 
must  b e  e x p r e s s e d  as a f u n c t i o n  o f  t h e  LFU p a r a m e t e r s  ( W  and 
WP& t h e  p a y l o a d  w e i g h t s  ( P L )  and t h e  c o r r e s p o n d i n g  v e h i c l e  
mass r a t i o s  ( R ) .  

(5) wpl -("'.I ') ( W  + wpt + PL1) (Repea t  o f  E q u a t i o n  (1))  

( 7 )  

( O b t a i n e d  by s u b s t i t u t i n g  (1) i n t o  ( 2 )  and s i m p l i f y i n g )  

WP3 - - [v] ['R:RYt - pL1 (q- R1R2 pL*(R+) + PL3 j 
S u b s t i t u t i n g  (1) and ( 6 )  i n t o  ( 3 )  and  s i m p l i f y i n g ,  e t c .  
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wPn wpt = wpl + wp2 t wp3 + * * * +  ( 9 )  

Adding e q u a t i o n s  5 t h r o u g h  8 ,  s i m p l i f y i n g  and  
s o l v i n g  f o r  wpt g i v e s  an  e x p r e s s i o n  f o r  t o t a l  LFU p r o p e l l a n t  
r e q u i r e m e n t s  i n  terms o f  LFU w e i g h t s ,  p a y l o a d  w e i g h t s ,  and  
AV r e q u i r e m e n t s  o f  t h e  i n d i v i d u a l  hops .  

R2- 

Rn 



APPENDIX B 

APPROXIMATE METHOD FOR DESCRIBING THE ALLOWABLE 

LM L A N D I N G  AREA I N  C O N N E C T I O N  WITH LFU SORTIES 

A s  ment ioned  i n  t h e  t e x t  of  t h e  memorandum, t h e  
l a n d i n g  f o o t p r i n t s  a r e  e l l i p t i c a l  i n  s h a p e ,  b u t  n o t  t r u e  
e l l i p s e s  b e c a u s e  o f  t h e  n o n - l i n e a r  AV v e r s u s  r a n g e  d a t a  and 
t h e  v e h i c l e  we igh t  d i s t r i b u t i o n s  d u r i n g  t h e  LFU hops .  If 
t r u e  e l l i p s e s  a r e  assumed, however,  t h e  t a sk  of d e s c r i b i n g  
t h e  area i s  c o n s i d e r a b l y  s i m p l i f i e d  o v e r  t h e  t e d i o u s  p r o c e s s  
of  g e o m e t r i c  c o n s t r u c t i o n  used i n  t h e  memorandum. The e r r o r s  
i n t r o d u c e d  would p r o b a b l y  no t  be s i g n i f i c a n t  f o r  t h e  m a j o r i t y  
o f  c a s e s .  

From t h e  symmetry a p p a r e n t  i n  t h e  two example s o r t i e s  
a n a l y z e d ,  t h e  major  a x i s  of  t h e  e l l i p t i c a l  area w i l l  a lways  l i e  
a l o n g  a l i n e  c o n n e c t i n g  t h e  f i r s t  and l a s t  s i t e s  t o  be v i s i t e d  
b y  t h e  LFU. D e s c r i b i n g  a n  e l l i p t i c a l  l a n d i n g  f o o t p r i n t ,  t h e n ,  
s imply  becomes a matter o f  l o c a t i n g  t h e  p o i n t s  a t  t h e  ends  o f  
t h e  two a x e s .  T h i s  appendix  d e s c r i b e s  a method f o r  l o c a t i n g  
t h e s e  p o i n t s .  

L o c a t i o n  of  P o i n t  A (See  Ske tch  1 o f  F i g u r e  B - 1 )  

S k e t c h  1 s c h e m a t i c a l l y  i l l u s t r a t e s  t h e  c o n d i t i o n s  
r e q u i r e d  f o r  l o c a t i n g  one o f  t h e  e l l i p s e  v e r t i c e s  ( A ) .  The 
f l i g h t  r a n g e s  shown r e p r e s e n t  t h e  d i s t a n c e  from t h e  l a n d e d  
LM t o  t h e  f i r s t  LFU s t o p  (t i lA),  t h e  d i s t a n c e  between t h e  f i r s t  
and  l a s t  s i t e  t o  be v i s i t e d  by t h e  LFU ( d 2 ) ,  and  t h e  d i s t a n c e  
f rom t h e  l a s t  LFU s t o p  back t o  t h e  LM ( d 3 A ) .  

I f  t h e  LM l a n d s  a t  p o i n t  A ,  t h e n :  

( d 2  i s  a known d i s t a n c e  f o r  
a p l a n n e d  s o r t i e )  

- 
d l A  ' d 2  - d3A 

The AVfs a s s o c i a t e d  w i t h  t h e  d i s t a n c e s  dlA, d2  and 
d3A can  b e  e x p r e s s e d  b y  a n  e q u a t i o n  to approx ima te  t h e  AV v s  
r a n g e  c u r v e  o f  F i g u r e  6 .  The e q u a t i o n  used  i s  shown on t h e  
f i g u r e ,  and i t s  p l o t  i n d i c a t e s  a r e a s o n a b l e  d u p l i c a t i o n  for 
f l i g h t  r a n g e s  i n  t h e  r e g i o n  o f  i n t e r e s t .  
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Using t h i s  e q u a t i o n  ( A V  = 310 d + 2 0 0 ) :  

(1) AVl = 310 dlA + 200 = t h e  AV a s s o c i a t e d  w i t h  dlA 

3 A  = t h e  AV a s s o c i a t e d  w i t h  d 

310 dlAt 200 
R1 = exp - “1 - - exp 

U (u = go I S P )  U 

A Q  310 dlA + 310 d2  + 200 
U R 3 = exp -T;I = exP 

310 d2 
(2) R3 = R1 exp 

R e c a l l i n g  e q u a t i o n  ( 3 )  from t h e  memorandum: 

- K1 

3 ( 3 )  R 1 - K R  + K  2 3  

S u b s t i t u t i n g  ( 2 )  i n t o  ( 3 )  

o r  - K1 
R1 - 310 d2 

3 RlK2 exp u- + K  

S o l v i n g  t h e  q u a d r a t i c  e q u a t i o n  f o r  R1 ( c o n s i d e r i n g  o n l y  p o s i t i v e  
r o o t s  s i n c e  R1 i s  p o s i t i v e  by d e f i n i t i o n )  

( 4 )  

310 d2’ * + 4 K ~ K ~  exp 

310 d2  

-K t - 3  
R1 - 

2 K2 exp 
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AVl = g o I s p  lnRl 

g o I s p  lnRl - 2 0 0  
- (Use of e q u a t i o n  (1); dlA - 310 AV = 310  dlA t 2 0 0 )  

R e f e r r i n g  t o  s k e t c h  1, dlA l o c a t e s  p o i n t  A w i t h  r e s p e c t  t o  
t h e  f i r s t  s i t e .  

L o c a t i o n  o f  P o i n t  B (See  s k e t c h  2 o f  F i g u r e  B-1) 

If t h e  LM l a n d s  a t  p o i n t  B;  

d -  3B - d l B  - d2 

AV1 = 310 dlB + 2 0 0  

310 (dlB - d 2 )  + 200  
R3 = exp U (u  = g o I s p )  

310 dlB + 200  
R1 = exp 

U 

R -310 d2 

U e XP 3 =  
R1 

-310 d2 
R3 = R1 exp U (5) 

S u b s t i t u t i n g  ( 5 )  i n t o  ( 3 )  

R, = K1 

or 



t 
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2 I 
\ 

R1 

S o l v i n g  t h e  q u a d r a t i c  e q u a t i o n  f o r  R1 

-310 d2 I 

- U 
R1 - -310 d2 (6) 

2 K2 exp 
U 

and as i n  t h e  c a s e  f o r  p o i n t  A :  

g I s p  lnRl - 200  
- 0  

d l B  - 310 

R e f e r r i n g  t o  s k e t c h  2 ,  the  d i s t a n c e  dlB here  l o c a t e s  p o i n t  B 
w i t h  r e s p e c t  t o  t h e  f i r s t  s i t e .  

L o c a t i o n  o f  P o i n t s  C & D (See S k e t c h  3 of  F i g u r e  B - 1 )  

- 
- d3C,D 

P o i n t s  C & D a r e  l o c a t e d  s u c h  t h a t  dlC,D 

.*. R1 = R3 ( 7 )  

S u b s t i t u t i n g  ( 7 )  i n t o  ( 3 )  

- - I OP K2R1 L + K3R1 - K1 = 0 R1 K2R1 K 3  

-K + I K 3 2  t 4K1K2' - 3  
2K2 R1 - 

g I s p  lnRl - 200  - 0 - 
3C,D 310 

* * *  d l C , D  = d  

P o i n t s  C & D w i l l  b e  v a l i d  p o i n t s  on t h e  l a n d i n g  
e l l i p s e  l y i n g  on t h e  p e r p e n d i c u l a r  b i s e c t o r  o f  t h e  l i n e  con- 
n e c t i n g  t h e  f i r s t  and l a s t  LFU s i t e s  t o  be v i s i t e d  d u r i n g  a 
s o r t i e .  
l i e  on t h e  minor  a x i s ,  which w i l l  b e  midway between p o i n t s  A & B.  
The e l l i p s e  c e n t e r  w i l l  usually b e  s h i f t e d  s l i g h t l y  toward  t h e  
f i r s t  or t h e  l a s t  LFU s i t e  depending  on t h e  v e h i c l e  weight 
d i s t r i b u t i o n s  d u r i n g  the  s o r t i e .  

It  s h o u l d  be  n o t e d  t h a t  these  p o i n t s  do n o t  n e c e s s a r i l y  
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The amount o f  s h i f t  w i l l  n o r m a l l y  b e  s l i g h t ,  and f o r  
most p u r p o s e s ,  t h e  d i s t a n c e  between p o i n t s  C & D w i l l  b e  n e a r l y  
e q u a l  t o  t h e  minor  a x i s  o f  t h e  e l l i p s e .  T h i s  d i s t a n c e  can  b e  
de t e rmined  from t h e  r i g h t  t r i a n g l e  shown i n  S k e t c h  4 on 
F i g u r e  B-1. 

Minor a x i s  o f  e l l i p s e  = 

where dl i s  t h e  d i s t a n c e  computed t o  l o c a t e  p o i n t s  C & D .  

To d e m o n s t r a t e  t h e  a p p l i c a t i o n  o f  t h e  approx ima te  
method d e s c r i b e d  i n  t h i s  appendix ,  i t  w i l l  b e  a p p l i e d  t o  t h e  
two example s o r t i e s  covered  i n  t h e  memorandum. 

Approximate Method Appl ied  to S o r t i e  No. 1 

The known pa rame te r s  f o r  t h i s  s o r t i e  can  b e  t a k e n  
f rom t h e  memorandum: 

d2 = 2 nm; K = 1,050; K 2  = 688.93; K 3  = 154 .68  1 

Using these v a l u e s ,  p o i n t s  A ,  B ,  C and D can  be  l o c a t e d  by 
u s i n g  e q u a t i o n s  4 ,  6 ,  and 8 f rom t h i s  append ix .  

P o i n t  A ( S k e t c h  1) 

R1 = 1.0932 from e q u a t i o n  ( 4 )  

.*. AV1 = g I s p  l n R l  = 817 f t / s e c  
0 

AVl - 2 0 0  
= 1 . 9 9  nm - 

d l A  - 110 

P o i n t  B ( S k e t c h  2 )  

R1 = 1.1625 f rom e q u a t i o n  (6) 

.*. AVl = g I s p  lnRl = 1381  f t / s e c  
0 

AV, - 2 0 0  
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Major Axis o f  E l l i p s e  

dlA + dlB = 5.80 nm 

P o i n t s  C and D (Ske tch  3) 

R1 = 1.1274 f rom e q u a t i o n  (8) 

.*. AVl = goIsp  l n R l  = 1,099 f t / s e c  

AVl - 200 
- - = 2.90 nm 

d l C , D  310 

Minor Axis o f  E l l i p s e  
1 - 

27/jdlC,D) - (%) = 5.44 nm 

The s i z e  and l o c a t i o n  o f  t h i s  e l l i p s e  compares 
c l o s e l y  t o  t h e  a l l o w a b l e  LM l a n d i n g  area o f  F i g u r e  3 which 
shows t h e  l o c a t i o n  o f  p o i n t s  A ,  B ,  C ,  and D d e t e r m i n e d  h e r e .  

The b u l k  o f  t h e  e r r o r  can  be  a t t r i b u t e d  t o  t h e  
above u s e  of  t h e  e q u a t i o n  (AV = 310 d t 200) t o  c o n v e r t  A-V 
t o  r a n g e .  I f  t h e  c u r v e  o f  F i g u r e  6 i s  used  for t h i s  c o n v e r s i o n ,  
most o f  t h e  e r r o r  i s  e l i m i n a t e d .  

Approximate Method App l i ed  t o  S o r t i e  No. 2 

The known p a r a m e t e r s  a r e :  

d2  = 2.25 nm; K1 = 950; K2 = 723.48; K3 = 79.68 

* d2 i s  t h e  measured d i s t a n c e  between s i t e s  3 and 5 
on F i g u r e  4 .  

* 

P o i n t  A ( S k e t c h  1) 

R1 = 1.0533 f rom e q u a t i o n  (4) 

.*. AVl = g I s p  l n R l  = 476 f t / s e c  
0 

AV1 - 2 0 0  
= 0.89 nm - 

d l A  - 310 
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P o i n t  B ( S k e t c h  2 )  

R1 = 1 . 1 3 2 4  from e q u a t i o n  (6) 

.*. AV1 = g I s p  lnRl  = 1 , 1 4 0  f t / s e c  
0 

AVl - 200 
= 3 . 0 3  nm - 

d l B  - 310 

Major Axis o f  E l l i p s e  

= 3 . 9 2  nm d l A  + d l B  - 

P o i n t s  C and D ( S k e t c h  3 )  

R1 = 1 . 0 9 2 1  from e q u a t i o n  ( 8 )  

.*. AV1 = g I s p  lnRl = 808 f t / s e c  
0 

AVl - 200 
- - = 1 . 9 6  nm 

d l C , D  310 

Minor Axis o f  E l l i p s e  

F i g u r e  4 o f  t h e  memorandum shows t h e  p o i n t s  A ,  B ,  
C and D de t e rmined  h e r e .  

The e r r o r  i n t r o d u c e d  by t h e  e q u a t i o n  AV = 310 d + 2 0 0  
i s  n o t  as pronounced f o r  t h i s  s o r t i e  s i n c e  t h e  A V ' s  i n v o l v e d  
f a l l  i n t o  a r e g i o n  where t h e  e q u a t i o n  t r a c k s  t h e  c u r v e  o f  
F i g u r e  6 r e a s o n a b l y  w e l l .  
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APPENDIX C 

A N A L Y S I S  OF PROPOSED LUNAR MISSION 

TO THE HADLEY RILLE R E G I O N  

The a n a l y t i c a l  methods d e s c r i b e d  i n  t h e  memorandum 
were a p p l i e d  t o  a p roposed  m i s s i o n  t o  t h e  Hadley R i l l e  r e g i o n  
o f  t h e  moon. F i g u r e  C - 1  i s  a pho tograph  o f  t h i s  r e g i o n  
showing s e v e n  ( 7 )  s e l e c t e d  s i t e s  t o  be  v i s i t e d  v i a  t h e  t h r e e  
LFU s o r t i e s  i n d i c a t e d ;  S o r t i e  No. 1 (3-hops)  t o  s i t e s  1 and 
2, S o r t i e  No. 2 (3-hops)  t o  s i t e s  3 and 4 ,  and S o r t i e  No. 3 
(4-hops)  t o  s i t e s  5, 6 ,  and 7.  The s i t e s  are t o  be v i s i t e d  
i n  n u m e r i c a l  s equence .  

The p roposed  mis s ion  p l a n  d i d  n o t  s p e c i f y  t h e  pay- 
l o a d  w e i g h t s  t o  be  c a r r i e d  on e a c h  LFU hop,  s o  v a l u e s  were 
assumed f o r  t h i s  a n a l y s i s .  Each s o r t i e  was presumed t o  s t a r t  
w i t h  a 200  l b .  b a s i c  payload  ( i n s t r u m e n t s ,  t o o l s ,  e t c . )  which 
i n c r e a s e s  by  25 l b s .  f o r  each s u c c e s s i v e  hop d u r i n g  a s o r t i e  
t o  a l l o w  f o r  l u n a r  samples  p i c k e d  up from e a c h  s i t e .  

The m i s s i o n  a n a l y s i s  p r e s e n t e d  i n  t h i s  append ix  
f i r s t  d e t e r m i n e s  t h e  a l l o w a b l e  LM l a n d i n g  p o i n t  d i s p e r s i o n  
f o r  t h e  p roposed  m i s s i o n  u s i n g  t h e  assumed LFU p a y l o a d s .  
R e v i s i o n s  t o  t h e  LFU s o r t i e s  a r e  t h e n  e v a l u a t e d  f o r  p o s s i b l e  
improvements t o  t h i s  a l l o w a b l e  LM l a n d i n g  area.  I n  a l l  c a s e s ,  
t h e  same 7 l o c a t i o n s  a r e  v i s i t e d  and t h e  same LFU p a y l o a d  p l a n  
i s  f o l l o w e d .  The m i s s i o n  r e v i s i o n s  s imply  a l t e r  t h e  combina- 
t i o n s  o f  s i t e s  t o  be covered  b y  e a c h  LFU s o r t i e  and va ry  t h e  
sequence  i n  which t h e  s i t e s  a re  v i s i t e d  d u r i n g  a g i v e n  s o r t i e .  
F i g u r e  C-2 o u t l i n e s  t h e  i n d i v i d u a l  s o r t i e  d e t a i l s  f o r  t h e  p ro -  
posed  LFU m i s s i o n  as w e l l  as f o r  two a l t e r n a t e  p l a n s  ( R e v i s i o n s  
1 and 2 )  t h a t  improve t h e  a l l o w a b l e  LM l a n d i n g  a r e a .  The LFU 
w e i g h t ,  pe r fo rmance ,  and f l i g h t  t r a j e c t o r y  d a t a  used  a re  a l s o  
shown on F i g u r e  C-2. 

The a l l o w a b l e  LM l a n d i n g  areas g e n e r a t e d  f o r  e a c h  o f  
t h e  p roposed  LFU s o r t i e s  are shown on F i g u r e  C - 3 .  The o v e r l a p  
o f  t h e  i n d i v i d u a l  s o r t i e  f o o t p r i n t s  (shaded p o r t i o n )  r e p r e s e n t s  
t h e  a rea  i n  which t h e  LM cou ld  l a n d  and  s t i l l  a l l o w  a l l  t h r e e  
LFU s o r t i e s  t o  be  completed w i t h o u t  any o f  them e x c e e d i n g  t h e  
270 l b .  p r o p e l l a n t  c o n s t r a i n t .  
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Remembering t h a t  t h e  e l l i p t i c a l l y  shaped  a r e a  f o r  
e a c h  s o r t i e  w i l l  b e  p o s i t i o n e d  w i t h  i t s  major  a x i s  a l o n g  a 
l i n e  c o n n e c t i n g  t h e  f i r s t  and l a s t  s i t e  t o  b e  v i s i t e d ;  t h e  
s i t e s  can b e  l o g i c a l l y  r eg rouped  t o  i n c r e a s e  t he  o v e r l a p  area 
shown on F i g u r e  C - 3 .  Rev i s ion  1 r e g r o u p s  t h e  s i t e s  s o  t h a t  
S o r t i e  No. 1 v i s i t s  s i t e s  1 and 2 as b e f o r e ,  b u t  S o r t i e  No. 2 
now goes t o  s i t e s  4 and 7 ,  and S o r t i e  No. 3 t o  s i t e s  3, 5 ,  
and  6 .  R e v i s i o n  2 h o l d s  t h e  same r e g r o u p i n g ,  b u t  i l l u s t r a t e s  
t h e  e f f e c t  o f  chang ing  t h e  sequence  i n  which t h e  s i t e s  a re  
v i s i t e d  d u r i n g  S o r t i e  No. 3 .  These r e v i s i o n s  s h i f t  t h e  p o s i -  
t i o n  o f  t h e  i n d i v i d u a l  s o r t i e  f o o t p r i n t s  as shown on F i g u r e  C-4. 

For comparison p u r p o s e s ,  F i g u r e  C-5 shows t h e  a l l o w a b l e  
LM l a n d i n g  a r e a s  f o r  t h e  proposed  m i s s i o n  as w e l l  as f o r  t h e  
r e v i s e d  v e r s i o n s  super imposed  on a pho tograph  o f  t h e  m i s s i o n  
s i t e .  The r e l a t i v e  improvements p r o v i d e d  by t h e  r e v i s e d  LFU 
p l a n n i n g  are a p p a r e n t  f rom t h i s  f i g u r e .  The area i s  n o t  o n l y  
s u b s t a n t i a l l y  l a r g e r ,  b u t  also s p r e a d s  i n t o  a t y p e  t e r r a i n  
t h a t  a p p e a r s  f a v o r a b l e  t o  a l u n a r  l a n d i n g .  

The  m i s s i o n  a n a l y s i s  shown h e r e  i s  i n t e n d e d  t o  demon- 
s t r a t e  t h e  a p p l i c a t i o n  o f  t h e  t e c h n i q u e s  d e s c r i b e d  i n  t h e  
memorandum and n o t  a s  a c r i t i q u e  o f .  t h e  p roposed  m i s s i o n .  The 
LFU p a y l o a d s ,  f o r  example,  were s e l e c t e d  t o  show a r a the r  un- 
f a v o r a b l e  l a n d i n g  area which i n c l u d e s  most ly  h o s t i l e  t e r r a i n  
and, i n  f a c t ,  d i d  n o t  even c o n t a i n  t h e  l a n d i n g  s i t e  shown i n  
t h e  proposed  m i s s i o n  l a y o u t  ( F i g u r e  C-1). The p a y l o a d s  assumed,  
however ,  are  n o t  t o t a l l y  u n r e a l i s t i c  and c o u l d  w e l l  have been 
c o n s i d e r e d  for t h i s  m i s s i o n  on t h e  basis o f  p l a n n i n g  data a v a i l -  
a b l e  a t  t h i s  t i m e .  The r e s u l t s ,  as p r e s e n t e d  h e r e ,  p o i n t  up t h e  
need  f o r  c l o s e r  e v a l u a t i o n  o f  t h e  LFU c a p a b i l i t i e s  f o r  p l a n n i n g  
a m i s s i o n  w i t h  a h i g h  p r o b a b i l i t y  o f  s u c c e s s .  
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